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Abstract 
ThediflbrentprevalenccsofironoverloadsyndromesbetweenCaucasiansandAsiansmaybeaccounted 
fbrbythedifTCrenccsingeneticbackgroundThemajormutationofhemochromatosisinCelticancestry,Ｃ 
２８２ＹｏｆＨＦＥ,wasreportedinaJapanesepatient､Fivepatientsof3familieswilhthehepatictransfeninre-
ceptorgene(TFH2)-1inkedhemochromatosiswerefbundindifferelltareasofJapan,suggestingthatTFR2is 
am可orgenemJapanesepeople・ThreepatientswithmutationsinthehemQjuvelingene,HJV;showedalso
lniddle-age-onsethemochromatosis・AheterozygousmutationintheHfCmtingene，ＦＴＨＩ，wasfbundina
familyof3affectedpatientsAnotherautosomaldominantSL“OAI-1inkedhyperferlitincmia(ferroportindis‐ 
ease）wasfOundin3patientsof2families・TWopatielltswithhemochromatosiswerefieefromanylnuta-
tionsinthegenesinvestigated､Inconclusion,thegeneticbackgroundsofJapanesepatientswithprilnaryiron 
overloadsyndromeswerepartiauyclariHed,showingsomephenotype-genotypecorrelations． 
Keywords：ferroportindisease,hemochromatosis 
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porter，namelyferroportindisease，iscausedbyheterozy-
gousmutantsofSLC40AI(7,8).Thehepaticlesionshows 
reticuloendothelialcell-dominantlronoverload，alsodiffer-
entinhistologyfromtheclassicfOnnofhemochromatosls， 
Anothermildironoverloadwithautosomaldominantinheri-
tancewasrcportedinaJapanesefamilywithamutationin 
lREofHfemtin,heavychainpolypeptidelgenc(FZYHI） 
(9)． 
Thedifferentprevalenceofironoverloadsyndromesbe-
tweenCaucasiansandAsiansmaybeaccountedfbrbythe 
differencesingeneticbackgroundHere，wereviewedthe 
geneticbackgroundandgenotype-phenotypecorrelationin 
Japanesepatientswithplimarylronoverloadsyndromes． 
Introduction 
ｈｏｎｉｓａｎｅｓｓｅｎｔｉａｌｅｌｅｍｅｎｔｆｂｒｈｕｍａ、beings，whilein
excessitinducesoxidativestressleadingtoorgandamage 
andpotentialcarcinogenesis（１）Hemochromatosishasbeen 
postulatedasageneticdisorderwiththeimpairedregulation 
ofironhomeostasis、1,1996,ＦederetalidentificdC282Y
andH63Dmutationsmthehemochromatosisge､ｅ(HFmof 
CaucasianpatientswiththeclassicfOrmofhemochromato-
sis(2)AsthesecondgeneticbackgroundresponsiblefOr 
theclassicfOrm，avarietyofmutationswerefOundinlhe 
hepatictransferrmreceptorgenｅ（TFR2）ofpatientswith 
non弓HFEclassichemochromatosis(3)Furthermore，the
hemOjuvelingene（HJV)(4,5）andhepcidingene（human 
anti-microbialpeptidegene;ＨＺＷＰ)(6)wereclonedinthe 
familieswithyoung-adultonset，autosomalrecessive,paren-
chymalironoverload・GeneticdysfUnctionoftheironex-
PrimarylronOverloadSyndromes 
Basedonthegeneticbackgrounds，hemochromatosiswas 
atonetimeclassifiedin4subgroups（10)；ｉ）ＨＦＥｈｅｍｏ－ 
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eithertohistochemicalorbiochemicalironovelloading(11, 
12〕Therefbre,inthisreview,weusedtheterminologyof
pnmaryironoverloadsyndromes，whichincludemildiron 
overloadconditionsasaresultofthegeneticbackground 
lronoverloadinacerulop1asminemiashouldbeexcludedbc-
causethemajorityoforgandamageoccursnotintheliver， 
butillthebrain(13,14）Thefactorsknowntocauseiron 
overload，suchasalcoholism，viralhepatitisinfection，iron 
supplementationandrepeatedtransfnsionsmightbeexacer-
batingfactorsofprimaryironoverloadsyndromes、nblel
summarizestheJapanesepatientswithprimaryironoverload 
syndhDmesreportedintheliterature(15-21)，andZpatients 
withtheclassicfbnnofhemochromatosiswithayetun-
knowngeneticbackground． 
rIableLJapanesePatientswithPrimarylronOverload 
Syndrome 
PatientsAgC/SexMutationsC1fnicalManifbstati０，ｓＥｏｎｍｄｅｘＲｅｆ 
Liver ＤＭＰｉｇＦｅｒｒｉｔｉｎ 
Ｆ:3.4-90 
Ｍ27320 
,9/mL） 
Ｔｒ－Ｓ 
２０５０ 
(%） 
m5EL1６５/ＦＣﾌRﾌvfibrosisycsycs 
homozygous 
HTE-２４８/MAl76Vcilrhosis７７ 
heterozygous 
H几厄1５１/MQ312XcinhosisyGsyes
homozygous 
ｆｍＬ２５１/FQ312Xcilmosisyesyes 
homozygous 
ＨﾉJＬ３４８/MD249Hcilrhosisycsycs 
homozygouｓ 
ｍＲ２－１５０/Ｍ』dmZAQdelprc-cilrhosisnono
homozygous 
ZRR2-2４７/MAMAQdelnbrosisnono 
homozygous 
Zy7YR2-3５３/FAVAQdelfibrosisnono 
homozygous 
ZFR24４１/ML490Rchrhosisycsno 
homozygous 
n?Y22-5５８/MV561Xcinhosisycsycs 
homozygous 
皿Ｃ`〃１－１４３/FA117Gchronicyesycs
heterozygoushepatitis 
IⅡＬＣｲ皿Ｌ２４３/MR481SnnT1Tlalnono
heterozygous 
lSLa0dI-379/MR489Snobiospynono 
hetcrozygous 
ＦｍＨＩ－１５６/FA49UiYbrosis？？ 
heterozygous 
FZIYr-2６５/ＭＡ４９Ｕ？？？ 
heterozygous 
FTlｦr-3６２/ＦＡ４９Ｕ７？？ 
hcterozygous 
FZHI4２８/ＦＡ４９Ｕ？？？ 
heterozygous 
IJnlmown-145/Mnonecirrhosisyesyes 
UT11mown－２４７/ＭｎｏｎｅＨｂｒｏｓｉｓｙｅｓｙｅｓ 
566089.8１５ 
６４８７８６．０１６ 
２２８０９５．５１７ 
４２７８９５．８１７ 
６１１５９４．８１７ 
２４８５９４．５１８ 
４４００９０．５１８ 
１４７０９３２１８ 
２０２０９３．６１９ 
１９８２８８．７１９ 
９６６０92.0２０ 
８２２２４．８２１ 
２２８３６２．１２１ 
１６５４５８．０９ 
１２６220＊９ 
７４２231＊９ 
９８256＊， 
3000９４．４３５ 
３４８９94.2 
HFEHemochromatosis 
ThehomozygoteofC28ZYmutationinＢＦＥ，ａｍａ]or 
mutationinCaucasians，wasfoundinahemochromatosis 
panentwhowasaresidentofKyushu，asouthwestemisland 
ofJapan（15),andaheterozygoteofAlal76ValofHFEwas 
reportedinanotherpatient(16）Apopulationstudy,how-
ever，ｓｕｇｇｅｓｔｅｄｄｌａｔＣ２８ＺＹｉｎＨＦＥｉｓｎｏｔｐｒevalentinthe 
Japanesepopulation(22）Over500subjects,includingap-
parentlyhealthyvolunteers，ａｎｄpatientswithchromchepa-
titisC(CHC)andhemochromatosis,wereallnegativeforC 
282Y(23).Theestimatedamountofironremovedbyphle-
botomydidnotdifferbetｗｅｅｎｔｈｅ５ＣＨＣｐａｔｉｅｎｔｓｗｉｔｈＨ６３ 
ＤｏｆＨFEand45H63D-freeCHCpatients(24)． 
Juvenile(ＨＪＶａｎｄＨＡＭＰ)Hemochromatosis 
TWonovelmutatlons,７４５Ｇ>Ｃ(D249H)and934C>Ｔ(Q 
31ZX）ｏｆＨＷ３ｗｅｒｅｒＣｐｏｒｔｅｄｉｎ３ｐａｔｉｅｎｔｓof2Japanese 
families（17〕Amissensemutation745G>Ｃｗａｓｈｏｍｏｚｙ－
ｇｏｕｓｉｎＨ/Vofapatient､AfklmilystudyconHrmedthehet-
erozygosityof745G>Cinhismothcranddaughterwithout 
anysignsofironoverloadAnothernovelmutation934C>Ｔ 
ｏｆＨ/Vwashomozygousin2siblingsofthesecondftunily、
DifferentfTomthepreviousreportsfiomEuropeandNorth 
Americａ(5,25-28),the3JapanesepatientswithH/Vmuta-
tionshadtheclassicalfOrmratherthanjuveniletypehemo‐ 
chromatosis、Onepatientfirstmanifesteddiabeｔｉｃｓｙｍｐｔｏｍｓ
ａｔｔｈｅａｇｅｏｆ４８ｙｅａｒｓ・Theprobandofanotherfamilywas
admittedfIrstforcongestiveheartfailureandadiabeticcon-
ditionａｔｔｈｅａｇｅｏｆ５１、Ｈｉｓsister，withaZyear-treatment
historyofdiabetesmellitus，wasdiagnosedwithhemochro-
matoｓｉｓａｔｔｈｅａｇｅｏｆ５１ｙｅａｒｓ・Ａｓｈｌｒａｓｗｅｋｎｏｗ,thereare
neitherreportsonJapanesepatlentswithmutationsin 
HWPnorjuvenilehemochromatosispatientswithcomplete 
geneanalysis． 
ＤＭ；diabetcsmcllitus，Pig；ｓ]dnpigmcntation，TF-S；mnsfbrinsamration，Ref； 
refbrenccs． 
?;ｎｏｃｏｍｍｃｎｔｓｏｎｌｈｃｓｙｍｐｔｏｍ． 
*;thcsemmlevelof杜ansfb】、(Refbrence:200400ｍｇ/dL)．
nblelsummanzesthecunicalibaturesandmutationsreportcdinJapanesepatients 
withprimaｴylronoverloadsyndromejandtwopatientswillllheclassicfbrmof 
hemochromatosiswhoare丘eehomanymutationsinthefH7E,ＨﾉＫＨＨｎ”,Ｚｍ２，
ELa“JandFmIgcncsinvestigatcdinthisstudy 
chromatosis,ii)juvenilehemochromatosisbyHJV(a)，ａｎｄ 
ＨｑＷＰ(b),iii）TFR2hemochromatosis,iv）SLa0AI-linked 
lronoverloadInaddition,anautosomal-dominantlronover-
ｌｏａｄｗｉｌｈａｍｕｔａｔｉｏｎｉｎＦＴＨＩｈａｓｂｅｅｎreportedinaJapa-
nesefamily(9)RecentstudiesonthehomozygotesofC282 
YinHFEcleallyindicatethatａｌａｒｇｅｎｕｍｂｅｒｏｆｐａｔｉｅｎｔｓ 
ｍｉｇｈｔｂｅｎon-hemochromatoticlife-1ong，providingthat 
hemochromatosisisassociatedwiththeorgandamageｄｕｅ 
lransferrinRecepmr2(ZYFR2） 
１W⑭mochromatosis 
AnAVAQ594-597deletionofTFR2waｓｆＯｕｎｄｉｎａ 
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wereleportedpreviously(35).Theincreasedironparameters 
oftheirbloodandliverhistology,andorgandamagesecon-
darytothesevereironoverloadarecompatiblewiththe 
classicfOnnofhemochromatosis・Allcodingregionsand
splicesitesoftheirHFE,HJVbHAMP,７１FTU,SLaOAIand 
FTHIgeneswelesequencedusingthestandardmethodsre-
ported(2,3,5,7-9)However,the2patientswerefreefrom 
anymutationsintheinvestigatedregionsofthegenesand 
theirgeneticbackgroundremainsunknownasyet・Ａｓｒｅ‐
portedinotherdiseases(36,37),theremaybedisruptions 
inthetranscriptionalandpost-transcriptionalregulationof 
thegenesorpossiblecandidategenesofprimaryironover-
loadsyndromesotherthanthosetestedfOrinthestudy． 
hemochromatosisfamilylivingonthemainislandofJapan 
(18).BecausetheAVAQ594-597deletionwasfirstreported 
fromltaly(3),thisindicateditwasauniversalmutant,oc-
curringmdifferentethnicities・haddition，Zunrelatedpa-
tientswerefOundtobehomozygousfOrthenovelmutations 
ofl469T>Ｇ(L490R)andl665delC(V561X)iｎＴＦＨ２（19)． 
AllJapanesepatientswith7YFIR2-hemochromatosisexhibited 
themiddle-ageonsettriadduetopalcnchymalironover-
loadTFR2dysfUnctionnotonlyplaysanimportantrolein 
Japanesehemochromatosis，butalsocontributestothege-
neticbackgroundofnon-HFE，autosomal-recessiveandpa-
renchymalironoverloadsyndromesarouｎｄｔｈｅｗｏｒｌｄ(3, 
29-31)． 
Genotype-phenotypeCorrelation FerroportinDisease 
ThereisagreementthatC282Y/C282Yofm7Eisthema-
jormutatio、lesponsiblefbrnddle-age-onsethemochroma-
tosisinCaucasians・However,thespectrumofironoverload
ofsubjectswithC282Yhomozygosityiswidelydistributed 
(11,12).ThephenotypesofpatientswithHFEhemochro-
matosisareapparentlymodulatedbyothergeneticfactors・
EitherHAMPorHJVcontributestothephenotypichetero-
geneityofpatientswithC282Yhomozygosityorheterozy-
gosity(38-40)．TFmalsoaffectsthephenotypeofHFE 
traits(41)． 
ThebiochemicalironparametersofsubjectswithC282Y 
homozygotesrevealedthemale-dominantgender-specific 
phenotypicexpressionoftheirironoverloading(42,43).h-
creasingage，inassociationwithmalesexandothergenetic 
factors,playsaroleintheserumferritinlevelsofCZ82Y/C 
Z82Yindividuals(44)．Excessivealcoholconsumptionac‐ 
centuatesthediseaseexplessionofHFEhemochromatosis 
(45).Theironhomeostasisofindividualswithhemochroma-
tosistraitsmaybeaffectedbychronicgastrointestinaldisor-
dersduetobleedingandmalironabsolption・Apatientwith
celiacdiseasewasirondeficientagainstC282Yhomozy-
gosity(46).ExcessbodymassisconⅡnonlyassociatedwith 
thelackofphenotypicexpressioninC282Yhomozygous 
women(47)． 
ＴＦＩ?２hemochromatosisisconsideredtobeanadult-onset 
syndrome(6).Exceptionally,ZunrelatedFIenchadolescents 
withmutationsinTFY?２presentedaphenotypeintermediate 
betweentheclassicfOnnwithmiddle-age-onsetandjuvenile 
hemochromatosis(48)．ＡｓｆａｒａｓｔｈｅＪａｐａｎｅｓｅｗｅｒｅｃｏｎ－ 
ｃｅｍed,allpatientswithTFR2hemochromatosishadmiddle-
age-onsethemochromatosis（18,19)，indicatingthatthis 
geneisamaJorcauseoftheclassicfOnnofJapanesehemo-
chromatosis． 
ＨﾉVwasfirstclonedinthepatientswithlq-1inkedhemo-
chromatosis(4,5)．Allpatientsexceptonehadjuvenile 
hemochromatosis・A49-year-oldGreekpatientwithiron
overload-inducedhepaticfibrosis，hypogonadismandskin 
pigmentatioｎｗａｓｈｏｍｏｚｙｇｏｕｓｆｂｒｌ２８１ＴｉｎＨＶ(5)．In 
contrast,ａｌｌ３ＪａｐａｎｅｓｅｃａｓｅｓｏｆＨﾉVhemochromatosiswere 
fOundinthemiddle-agedpatientswiththeclassictliadof 
AnovelheterozygousA117GmutationofHLCmAIwas 
fOundina43-year-oldfemalepatientwiththeclassicalfOnn 
ofhemochromatosis(20).Shewasfreefromanymutation 
inHFE，ＴＦ涙２ａｎｄＦＴＨＺＨｅｒｌｉｖｅｒｓｐｅｃｉｍｅｎｓｈｏｗｅｄ
ｃhronichepatitiswithseveremixed-typeironoverloadof 
paIenchymalandIeticuloendothelialceUs,andthetransferrin 
saturationofiｒｏｎｗａｓａｓｈｉｇｈａｓ９２％・Anothernovelmis-
sensemutationl467A>Ｃ(R489S)washeterozygousinSLC 
ｲOAIofthesecondJapanesefamily(21).Incontrasttothe 
firstcase,theironoverloadwasmild,bothina43-year-old 
manandms79-year-oldfathemTheserumfelritinlevelsof 
theprobandandhisfathｅｒｗｅｒｅ８２２ｎｇ/ｍｌｗｉｔｈ２４､8％iron 
saturationand2283ng/、ｗｉｔｈ６２．１％ironsaturation，Ie-
spectively・TheirliverfUnctiontestresultsｗｅｒｅalmost
withinnonnallimits・Theliverbiopsyspecimenofthepro-
bandshowedselectiveirondepositionmtheKupffercells 
withotherwisenonnalstructules・Thisautosomal-dominant
diseasewasfOundnotonlyinCaucasians(7,8),butalsoin 
AfiicansandAsians(32-34),suggestingthatitisoneofthe 
morehnportantironoverloadsyndromesintheworld． 
FZHIIronOverload 
AgeneralironovedoadwasaccidentallyfOundina56-
year-oldJapanesewoman(9)．Familystudydisclosed2 
othersiblingsaffectedbyironloadingGenetｉｃｔｅｓｔｓｏｎＣ 
２８２ＹａｎｄＨ６３ＤｏｆＨＦＥ，andY250XofTFH2welcper-
fOnnedwithnegativeresults・SubsequentstudyontheRE
ofH-fenitin,heavychainpolypeptidelgene（FTHD,。is-
closedaheterozygoussingleA>Uconversionatposition49 
(Ａ４９Ｕ)inthemEoftheHsubunitmRNAin4members 
ofthefamily，mcludinganlronload-fiPee，Z8-yeardd 
woman，indicatingautosomaldominantinheritanceofthis 
ironoverloadsyndrome． 
HemochromatosisofUnknown 
GeneticBackground 
lnthispaper，wedescribe2patientswithmiddle-age-
onsethemochromatosis・TheclimcalfeatulCsofonepatienｔ
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cilThosis,diabetesandskinpigmentation(17).Thesediffer-
entphenotypessuggestedthatthegeneticbackgrounddoes 
notalwaysdeterminethephenotypeofhemochromatosis・
OnepatientwasinfectedbyHbﾉicobacrerpyル汀，whichhas
thepotentialtocauseirondeficiency(49)． 
ThephenotypesoffelToportindiseaseremamcontrover-
siaLIronoverloadduetomutationsinSLCｲOAIhasa 
dominantinheritanceandavariableclinicalphenotype，such 
thatsomepatientsshoweallyKupffercellironloadingand 
alowtransferrinsaturation(7,8),whileothersshowmixed 
typeironloadinginthehepatocytesandKupfferceUs,anda 
hightransfeninsaturation(50).Furtherstudiesareneededto 
definethefactorsinvolvedintheparenchymalironloading 
ofthedisease・Becausethedisorderoftheironexporteris
autosomaldominantandincludessuhjectswithisolatedhy-
perfelTitinemiawithoutanyorgandamage，itmightbeclas-
sifiedasadiseaseentitydifferentfiPomhemochromatosis 
(51)． 
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